Objective: The research question of our study was to determine the adoption and use of mobile devices and online services by veterinary students.
INTRODUCTION
Students frequently use mobile devices for everyday activities such as talking and texting (Applegate, 2010) . In 2013, more than 60 billion instant-messages and SMS were communicated every day (Informa, 2013), mostly by teenagers and adolescents (Goodarzi, 2012; Herman, 2007) . It is expected that this amount will be doubled by 2017 (Juniper Research; eMarketer, 2013) . The rapid development of new communication technologies also has a major influence on veterinary education (Short, 2002; Valliyate, 2012) . Already now, veterinary teaching has profited considerably from advances in information communication technology (Simões, 2010) . For example, computerised testing has made significant inroads into veterinary education (Folk, 2006) . Also, learning management platforms such as Blackboard (www.blackboard.com), which enable lecturers to provide teaching materials online, and information tools like wiki systems (Kolski, et al. 2015) represent such a technological advance. A well-known advantage of the integration of new technology into education is that it enables students to study independently to location and time (Short, 2002) .
Furthermore, technological advance allows the usage of virtual patients as an educational aid, as suggested by Trace et al. (2012) or Schaper et al. (2011) . The most important prerequisite for this type of communication is the availability and actual use of adequate technology. According to Cole-Lewis and Kershaw (2010), across the world (in both developing and developed countries) more and more people are gaining access to the Internet via mobile phones. Consequently, more and more people do have access to current medical knowledge. Since this potentially facilitates clinical decision making, it in turn supports the implementation of evidence-based veterinary medicine. However, this means that students need to gain competence in information search and retrieval via the Internet. Little research has been published on how veterinary students actually use mobile devices (Gikas and Grant, 2013) . Hence, the research question of our study was to determine adoption and use of mobile devices and online services by veterinary students.
METHODS & MATERIALS
In March 2014, we conducted a survey among veterinary medical students in their third year. In this term of education the students participate in lectures and seminars offered by the Clinic for Animal Reproduction, Berlin, Germany. At the beginning of a lecture we asked the students to participate in the survey. We developed the questionnaire according to statements and suggestions made by students that participated in earlier courses and seminars. Participation was voluntary. Students declared informed consent by completing the survey. The project was reviewed and approved by the Ethical Commission of the Charité Hospital associated with Freie Universität Berlin (EA 1/126/16).
The students had 15 minutes to answer the questionnaire which contained 10 questions with preset answers to be ticked and a free text comment section (Figure 1) . After a short introduction to the study and demographic questions (i.e. age, semester, and gender) three questions addressed the use of mobile devices. The second part dealt with the students' habits and preferences concerning the application of mobile devices. We performed descriptive statistical analysis anonymously using the statistic program SPSS for Windows (Version 22.0; SPSS Inc., Munich, Germany). We performed frequency analysis on the obtained quantitative data. Furthermore, we used cross tables to analyse the students' answers considering both genders. Finally, we analysed the quantitative data using the two tailed Fisher's Exact Test and the Pearson-Chi 2 -Test. We set the significance level as α = 0.05. For a statistical analysis of free text comments we considered them as qualitative data.
RESULTS
In total, 124 of 130 students (101 female and 22 male) completed the questionnaire. One participant did not specify gender, age or semester. Median age of participating students was 23.0 (IQR 22.0 -25.0). The majority of the students (84.7%) stated to use a smartphone as a mobile device (Table 1) .
About one fourth of the students (23.4%) additionally utilised tablets, while 8.1% employed a laptop in addition. The given answers revealed that, regarding operating systems, students preferred IOS (41.1%) and Android (44.3%). The majority of students (78.2%) stated to have an Internet flat rate for their mobile device. Concerning online services used via mobile devices, most of the participating students (78.2%) used Google. Moreover, 62.9% of the students accessed the e-learning platform of the FU Berlin (Blackboard) via mobile devices. Similarly, the majority of students (54.0%) frequently used Google maps. Most of the respondents (61.3%) used online dictionaries occasionally while, respectively, 50.8% and 42.7% stated to consult the information platform Wikipedia often and occasionally. In addition to the suggested online services, six students (4.8%) added further options (e.g. veterinary dictionary DocCheck) as free text comments. While 15 students (12.1%) reported to have a Quick response (QR) -code reader, 18 stated to use such a tool, either often (n=1) or occasionally (n=17). With 74.2% and 70.2%, respectively, WhatsApp and Facebook turned out to be the most frequently used social media services (Table 2 ).
In line with that, 44.3% of the students referred to WhatsApp as their favourite application software. This was also supported by comments in the free text comment section. Moreover, more than half of the students (53.2%) occasionally used Skype; a software allowing free instant messaging and voice or video calls. On the contrary, only few students indicated a frequent or occasional use of social media like Viber (3.2%), Talk (1.6%), Twitter (0.8%), Instagram (8.9%), Telegram (8.9%) or Snapchat (2.4%). More than one-third of the students spent 2 to 4 hours per day online via mobile devices. The majority of the students (68.5%) indicated that they answer incoming messages only when they find time to do this. Veterinary online applications wished for by the responding students included a "laboratory data app" (4.8%) or learning apps (4.8%), that were not further specified.
DISCUSSION
Mobile learning and information retrieval has been growing internationally in visibility and significance (Traxler, 2007 (Traxler, , 2010 (Traxler, , 2012 . Therefore, we wanted to investigate if German students of veterinary medicine have adopted the use of mobile devices as well. Current mobile devices are designed to allow users to enter and access data like contacts and memos, to send and receive messages, to view documents and pictures, or to access the web (Kukulska-Hulme, 2005). In 2013, 96% of people in Germany aged between 12 and 19 owned a smartphone (Kutscher, 2014) . In our survey, the share of veterinary students who stated to use a smartphone regularly resembled those findings (84.7%). Moreover, the fact that the majority of the participants (78.2%) had an internet flat rate was in accordance with the findings of Wallace et al. (2012) . The finding that the vast majority have mobile access to the internet indicates that online professional tools designed for mobile devices have a great potential to reach the majority of veterinary students and also presumably a growing proportion of practitioners and clinicians in Germany.
Regarding online education, the concept of 'anytime' and 'anyplace' offered by mobile learning may be an important pedagogical aspect (Bidin and Ziden, 2013) . As emphasised by Smith (2003) , e-learning should accommodate different learning styles and provide sufficient interactivity, testing, and feedback to engage the user. Personalised learning can recognise diversity and individuality of the students and account for different learning styles and approaches (Traxler, 2007) . One way this can be accomplished is by an assortment of tools that learners can combine to best suit their individual learning styles to increase their academic success (Rodriguez, 2011) . A more recent interview-based survey showed that 90% of the participants used mobile computing devices and that this usage was believed to have a positive educational effect (Wallace, et al. 2012 ). Since an interview allows face to face communication and immediate feed-back for both interviewer and interviewee, such an approach might be beneficial for further research in this area.
According to our findings, the vast majority of the veterinary students used the search engine Google (96.7%), either frequently (78.2%) or occasionally (18.5%). Those data deviate from Wallace et al. (2012) , who found that 50% of those participating in their survey stated to use Google. However, their study was conducted in 2012 and the growing popularity of Google might at least partly account for these differences. Furthermore, the authors did not only interview students in their survey, but also residents and members of the faculty. Hence, as shown previously we can assume that the resulting higher average age explains for the lower usage of online media (Wolff, 2006) (Kolski, et al. 2015) . A special issue connected with this topic is the quality of provided information. It is essential to train students to critically assess information, especially if it is found on webpages or wiki systems with unknown expertise of the author. Clinical decisions based on false, incomplete or outdated data may be highly detrimental for the health and well-being of the animals.
QR-Code readers, a mobile device tool enabling the scanning of bar codes (Lorenzi, et al. 2014 , Ramsden, 2008 , were not popular according to our survey. QR-Codes enable a quick uptake of data in a compact fashion (Lorenzi, et al. 2014) or visiting a specific website without typing the address of the webpage. With regard to our survey, only 12.1% of the veterinary students used such a tool. These data correspond with earlier findings where only 2% of students had scanned a QR code with their device (Ramsden, 2008) . Different promising recommendations for the use of QR-Codes within a lecture or course have been published. For example, students may easily get access to handouts, additional online presentations or feedback questions by scanning a QR-Code integrated into a presentation (Ramsden, 2008) . Another application may be a direct link to standard operation procedures or specific additional information. Surprisingly, in our survey, there were more students stating to use QR-Codes (14.5%) than having installed a QR code reader on their device. This discrepancy may indicate that some students did not read the question carefully. On the other hand, some students may have used this tool with the device of someone else or have uninstalled the reader.
A majority of the participants stated to frequently use Facebook (70.2%) or WhatsApp (74.2%). Both applications are reported to rank among the most popular ones used by young people in Germany (Kutscher, 2014; Roblyer, 2010) . Also, 44.3% of the students referred to WhatsApp as their favourite application software. WhatsApp enables users to send and receive text messages, images, audio and video files (Church and de Oliveira, 2013). Membership of online social networks has recently exploded at an exponential rate (Cheung, et al. 2010 ). According to Facebook reports, they had 1.44 billion users in the first three months of 2015, out of which 1.25 billion additionally and 581 million exclusively used mobile access (Facebook, 2015a , Facebook, 2015b . As reported by Pempek et al. (2009) , students use Facebook approximately 30 min per day for study purposes. Via WhatsApp, more than 10 billion messages are sent per day and it is one of the most popular paid Apps across all mobile platforms (Church and de Oliveira, 2013). Concerning possible benefits of integrating online tools into education, Greenhow (2011) emphasised that social utilities do not only have a social effect, but can also have a positive impact on learning outcomes. However, this potential positive impact on learning success should be assessed in future research, especially since current information of practical relevance is increasingly shared via social media. By allowing an almost real-time interaction between students and instructors (Gikas and Grant, 2013) , the integration of social tools may promote a more student-centred course (Greenhow, 2011) . This live contact with others also allows direct conversations on a topic or issue (Gikas and Grant, 2013; Traxler, 2007) , and by that may support the concept of collective learning and critical discussion (Levy, 2001 ). Furthermore, using the highly interactive knowledge sharing features of a virtual community can increase the student's learning motivation (Wasko and Faraj, 2005 ). According to a study by Wu et al. (2014) , the diverse resources provided in virtual communities promoted critical thinking, problem analysis, and problem-solving skills of the researched nursing students. With regard to our survey, more than one-third of the students (36.3%) spent two to four hours per day online with their mobile devices.
Some students stated that they would like to have a "laboratory data App" or other learning apps. The reason that only a small proportion of surveyed students suggested new tools may be due to the fact that few Apps already exist for veterinary purposes or that they are rarely used. Therefore, the students may not be aware of the possibilities such Apps may provide. This issue should be surveyed in a future project. We assume that the development of such tools, together with the involvement of students in the creative process, might foster their motivation and consequently increase their learning outcome (Bidin and Ziden, 2013) , and at the same time increase the number of applicable learning and information tools. Overall, the use of the new technology may offer the possibility to consider new learning strategies (Bidin and Ziden, 2013; Short, 2002) . However, studies which attempted to systematically assess the learning success of online and mobile teaching compared to the traditional approach have hardly been published. In addition, it has to be assessed if information tools would be accepted and used by practitioners. However, it sounds plausible that a practitioner may see benefits in an App that provides dosages or other information and is accessible on-site by a mobile phone while examining the patient. In addition, online tools offering current and easily accessible research syntheses may support transfer of new knowledge into practice and enable an efficient information search. In that regard, it might be worthwhile to train students in how to search and appraise online scientific information.
In spite of various interesting findings, we are aware of the limitations of our survey. The small number of male students, for example, caused an uneven gender distribution (22 male vs. 101 female). Furthermore, only veterinary students of the Free University of Berlin in their third year were included. Also, the fact that many questions offered the possibility to tick more than one answer may have led to bias. However, the objective of the study was to research the distribution and use of mobile devices, and a survey is likely to be one of the best methods to acquire valuable and evaluable data. Considering that objective, we inevitably had to face the uneven gender distribution typical for veterinary schools worldwide (Kostelnik, et al. 2010 ).
To sum it up, mobile devices have found their way into the everyday life of veterinary students. As shown in our survey students valued the new possibilities of online communication. Hence, the development of online learning tools and information platforms meeting the specific demands of veterinary medicine should be promoted. However, some authors criticise that mobile learning should only represent a supplement since it might imply learning across contexts and at different times, resulting in fragmented knowledge and incomplete schemata (Gikas and Grant, 2013; Tella, 2003; Traxler, 2010) . Overall, the integration of mobile devices in education may assist most students in their learning (Gikas and Grant, 2013 ).
In conclusion, veterinary students (equivalent to the next generation of veterinary practitioners) are using mobile devices to a high extent. This paves the way to refine already existing and to develop new education and information tools for mobile devices. However, conflicts may arise since not every teacher and student is able or willing to handle mobile devices or other new technologies (Gikas and Grant, 2013) . Hence, augmenting the importance of new technologies within education might lead to isolation of those not having access to mobile devices. Most importantly, although it is difficult to evaluate mobile learning (Traxler, 2007) , further studies are warranted to examine the learning success. In addition, courses at universities should address skills in searching and assessing online information. Finally, it should be assessed in future surveys if veterinarians would use mobile online access to scientific data or Knowledge Summaries for better informed decision making in practice. 
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